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APPARATUS AND METHOD FOR ENCODING A 
LOW DENSITY PARTY CHECK CODE 

PRIORITY 

0001. This application claims priority under 35 U.S.C. S 
119(a) to an application entitled “Apparatus and Method for 
Encoding Low Density Parity Check Code' filed in the 
Korean Intellectual Property Office on Apr. 29, 2003 and 
assigned Serial No. 2003-27348, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to an 
encoding apparatus and method in a communication System. 
In particular, the present invention relates to an apparatus 
and method for encoding a low density parity check (LDPC) 
code in a communication System. 
0004 2. Description of the Related Art 
0005. A communication system typically performs 
encoding on transmission data prior to transmission of the 
data. Such an encoding method includes an iterative encod 
ing technique, a convolutional encoding technique, a turbo 
encoding technique, and a low density parity encoding 
technique. The encoding techniques can be uniquely used 
according to their characteristics, and research is currently 
being conducted on the low density parity encoding tech 
nique which is expected to be used in a next generation 
mobile communication System. 
0006 The low density parity encoding technique is a type 
of block encoding for encoding information bits using an 
encoding matrix before transmission of data. A method of 
performing the block encoding using an encoding matrix in 
which the number of elements of 1 is very small, i.e., most 
elements thereof have a value of 'O', is called the “low 
density parity encoding technique'. Such a low density 
parity encoding technique uses a parity check matrix com 
prised of rows and columns each having a Spare value of 1. 
The rows and columns each can express a structure of a code 
using a factor graph to which a check node and a variable 
node are mapped. Iterative decoding can be achieved based 
on a Sum-product algorithm defined by the factor graph. An 
iterative decoding process performed on the factor graph can 
be implemented in a parallel structure, and can greatly 
reduce decoding time due to performing Such a parallel 
process. Compared with a turbo code, an LDPC code has a 
low frame error rate (FER) because the LDPC code, com 
pared with the turbo code, has a larger minimum distance as 
a block size increases. In addition, the LDPC code generally 
does not show an error floor even at a relatively high 
signal-to-noise ratio (SNR). Further, the LDPC code can 
perform error detection and efficient decoding interruption 
on a decoded codeword even without the performance of a 
cyclic redundancy check (CRC) by using orthogonality of a 
codeword and a parity check matrix. 
0007. However, the LDPC code is limited in that an 
encoding process of calculating a codeword for input infor 
mation using a parity check matrix is complex compared 
with that of the turbo code. That is, while the turbo code can 
undergo real-time encoding in a simple manner via iteration 
by a recursive systematic convolutional encoder, the LDPC 
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code has encoding complexity approaching a Square of a 
block length according to a structure of a parity check matrix 
that defines the code. 

0008. A description will now be made of known methods 
for generating a parity check matrix for the LDPC code. 
0009 Construction Method by MacKay and Neal 
0010 MacKay and Neal have proposed the following 
MxN parity check matrix generation method in a paper 
where they have newly introduced an LDPC code. 
0011 Structure 1 
0012. An MXN parity check matrix is randomly gener 
ated Such that the number of is in each column is fixed at 't 
and the number of 1S in each row is constant, if possible. In 
addition, the MXN parity check matrix is randomly gener 
ated Such that an overlap between two particular columns 
does not exceed 1 to prevent the occurrence of a length=4 
cycle. FIG. 1A illustrates a structure of a rate=% matrix in 
which the number of 1S in each column is 3. In FIG. 1A, 
arrows on circles denoted by reference numerals 101 and 
103 indicate that even though any row and column are 
Selected from the matrix, the number of 1S in the selected 
row and column is 3. 

0013 Structure 2 
0014 Columns with a weight 2 are generated for the first 
M/2 columns such that two particular columns should not 
overlap with each other, and columns with a weight 3 are 
randomly generated for the remaining columns Such that an 
overlap between two particular columns should not exceed 
1. FIG. 1B illustrates a structure of a rate=/3 matrix con 
Structed Such that an overlap between two particular col 
umns with a weight 3 should not exceed 1. In FIG. 1B, 
diagonals denoted by reference numerals 111 and 113 indi 
cate that the matrix has the Stated number of 1S, and an arrow 
on a circle denoted by a reference numeral 115 indicates that 
even though any row and column are Selected from the 
matrix, the number of 1S in the Selected row and column is 
3. 

0.015 Structure 1 and Structure 2 
0016 Several columns are removed from the parity check 
matrix So that a cycle of a particular length 1 should not 
occur when the parity check matrix generated by FIGS. 1A 
and 1B is expressed with a factor graph. In this manner, a 
parity check matrix Satisfying the two structures illustrated 
in FIGS. 1A and 1B can be constructed. 

0017. In addition, parity check matrixes shown in FIGS. 
1C and 1D can be generated through a non-overlapping 
permutation matrix. In FIGS. 1C and 1D, arrowed circles or 
elliptic curves indicate random permutations of columns. A 
method of FIG. 1C is identical to a parity check matrix 
generation method proposed by Gallager. Thereafter, 
MacKay has proposed a method of generating a parity check 
matrix shown in FIG. 2 taking efficient encoding and 
decoding performances into account. In the matrix of FIG. 
2, if it is assumed that the total number of rows is n and the 
total number of columns is n-k, 1S are arranged in a diagonal 
direction denoted by reference numeral 201 for (n-k) ele 
ments from a (k+1)" element, and if the parity check matrix 
is constructed Such that even though any row and column are 
selected at the last part denoted by reference numeral 203 the 
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number of 1s in the selected row and column is 3, it is noted 
that decoding performance is improved. 

0.018. The methods proposed by MacKay and Neal cor 
respond to an earlier version of the LDPC code generation 
method. However, conventional parity check matrix genera 
tion methods have difficulty in reducing encoding complex 
ity and also have difficulty in generating LDPC codes having 
various code rates and various block sizes. 

0019 Construction Method by Generalized LDPC Code 
0020 T. Zahng and K. Parhi have generated a generalized 
LDPC code structure-based parity check matrix that can be 
efficiently encoded and decoded, and have implemented a 
54-Mbps decoder for LDPC codes with a field program 
mable gate array (FPGA), using the generated parity check 
matrix. Zahng and Parhi have generated a (3,6) regular 
LDPC code by constructing a parity check matrix in the 
following type, and have proposed a Structure of a partly 
parallel decoder for the generated (3,6) regular LDPC code. 
The proposed Structure has the following form. 

0021) In FIG.3, each of sub-matrixes I, constituting H, 
is an LXL unit matrix, and each of Sub-matrixes P, con 
Stituting H is a cyclic-shifted form of the LXL unit matrix. 
That is, if T(Q) is defined as a right shift operation on each 
column in a matrix Q by u, P is an LXL matrix that satisfies 

P =T"(I), where u=(x-1):y)modL (1) 
0022. It should be understood from Equation (1) that if a 
parity check matrix for an LDPC code is constructed with a 
sub-matrix H located in the bottom of FIG. 3, it becomes 
a random parity check matrix in which H does not have a 
cycle value of 4. A partly parallel LDPC decoder that 
Simultaneously performs variable node processing and 
check node processing on each of Sub-matrixes through a T. 
Zahng and K. Parhi's parity check matrix having a structure 
shown in FIG. 3 was implemented. That is, the decoder was 
implemented such that it has a total of K variable node units 
(VNUs) each having L memory locations, has k check node 
units (CNUs) for each sub-matrix, and updates memory 
locations through connections for them every clock. There 
fore, 2L clocks are required for one iteration. 
0023. A structure of the decoder is characterized in that 
an LDPC code was designed based on the concept of a 
generalized LDPC structure and a partly parallel decoder for 
it was actually implemented through Xilinx Virtex FPGA. 
However, the decoder lacks flexibility for more various code 
rates and block sizes, and cannot Secure efficient Systematic 
encoding. 

0024 Construction by Semi-Random Parity Check 
Matrix 

0.025 L. Ping et al. have proposed a new method for 
constructing a parity check matrix for an LDPC code using 
a Semi-random technique. That is, they have proposed a 
method for Separating a parity check matrix into two Sub 
matrixes, and generating only one Sub-matrix in a random 
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manner and the other Sub-matrix in a deterministic manner. 
In addition, they have shown through experiment that more 
efficient real-time encoding is possible by constructing the 
parity check matrix in this manner and decoding perfor 
mance is also not inferior to that of a fully random parity 
check matrix. 

0026. A semi-random parity check matrix H is comprised 
of two sub-matrixes, as defined by H=HHP). Here, HP 
denotes an (n-k)x(n-k) Sub-matrix corresponding to a parity 
part of the parity check matrix H, and H denotes an (n-k)xk 
Sub-matrix corresponding to an information part of the 
parity check matrix H. A particular codeword c is also 
constructed in the form of c-c"cP), where c' denotes a part 
corresponding to a Systematic information Symbol of the 
codeword c and c denotes a part corresponding to a parity 
symbol of the codeword c. The parity part HP of the parity 
check matrix H is constructed in the form of a deterministic 
dual-diagonal matrix as shown below. 

(2) 

HP 

0027) Further, it has been proposed that the information 
part H of the parity check matrix H be randomly generated, 
with a column weight and a row weight maintained. If the 
HP and the Hare constructed in this manner and the parity 
check matrix H is constructed according thereto, each parity 
Symbol is constructed using orthogonality of the parity 
check matrix and the codeword as shown below. 

3 (HHPiccP = 0 O pI =X hid, and p = pi–1 +X hid, (3) 
i i 

0028 Based on Equation (3), (n-k) parity symbols can be 
Simply calculated on a real-time basis using input informa 
tion symbols. 

0029) R. Echard et al. have proposed a simply encoder 
Structure capable of performing real-time encoding using 
Equation (4) below based on the fact that an inverse matrix 
of a dual-diagonal matrix is a triangular matrix. 

He = y = Hict D of = HP'y (4) 

where HPI' : Lower triangular matrix 

0030. For an efficient decoder structure, R. Echard et al. 
subdivided the sub-matrix Hinto new sub-matrixes. Each 
of the sub-matrixes was defined by a t-rotation pattern for 
a particular permutation matrix. A sub-matrix H of a parity 
check matrix for a rate=% LDPC code is constructed as 
shown below. 
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7A, 7B C 7D (5) 

0031) If a sub-matrix A constituting the His defined as 
a permutation matrix for a particular unit matrix, J, J1 and 
It denote Sub-matrixes determined by rotating the Sub 
matrix JLA by -1/2, IL and TL/2, respectively. 

0.032 R. Echard et al. have proposed an LDPC code that 
can be simply encoded, the LDPC code being capable of 
obtaining relatively excellent performance by constructing a 
parity check matrix in the above-Stated manner. However, 
they have Scarcely mentioned the JL-rotation pattern for 
generating parity check matrixes corresponding to other 
code rates except the rate 72. Therefore, research should be 
conducted on technology related to the L-rotation pattern, 
and it is difficult to apply the State-of-the-art technology to 
the System. 

0033 Each of the three types of LDPC codes described 
above has advantages and disadvantages. For example, 
disadvantageously, the LDPC codes cannot be processed on 
a real-time basis, and cannot be easily extended. Therefore, 
the current mobile communication System has difficulty in 
using the LDPC code for an encoding technique, and even 
the next generation mobile communication System cannot 
employ the methods Stated above. 

SUMMARY OF THE INVENTION 

0034. It is, therefore, an object of the present invention to 
provide an apparatus and method for encoding a Low 
Density Parity Check (LDPC) code that can be processed in 
real-time. 

0035) It is another object of the present invention to 
provide an apparatus and method for encoding an LDPC 
code that can be easily extended. 

0036. It is further another object of the present invention 
to provide an apparatus and method for encoding an LDPC 
code for which inverse matrixes can be easily calculated. 

0037 To achieve the above and other objects is achieved 
by providing a method for generating an encoding matrix for 
a low density parity check (LDPC) code having a dual 
diagonal matrix as a parity check matrix. The method 
comprises constructing an information Sub-matrix of the 
encoding matrix with a predetermined number of Square 
matrixes according to a predetermined code rate Such that 
each of the Square matrixes has columns and rows with a 
weight of 1 and has a different offset value, and combining 
the Square matrixes with the dual-diagonal matrix; and 
performing inter-row permutation on the information Sub 
matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.038. The above and other objects, features and advan 
tages of the present invention will become more apparent 
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from the following detailed description when taken in con 
junction with the accompanying drawings in which: 
0039 FIGS. 1A through 1D are diagrams illustrating a 
conventional method for generating a parity check matrix 
for a Low Density Parity Check (LDPC) code proposed by 
MacKay and Neal; 
0040 FIG. 2 is a diagram illustrating a structure of a 
matrix generated by a conventional parity check matrix 
generation method for an LDPC code proposed by MacKay; 
0041 FIG. 3 is a diagram illustrating a structure of a 
matrix generated by a conventional parity check matrix 
generation method for an LDPC code proposed by T. Zahng 
and K. Parhi, 
0042 FIG. 4 is a diagram illustrating a structure of a 
rate=/2 parity check matrix according to an embodiment of 
the present invention; 
0043 FIG. 5 is a flowchart illustrating a process of 
generating an interleaving address U() according to a prime 
interleaving rule, 
0044 FIGS. 6A through 6C are diagrams illustrating 
structures of parity check matrixes for an LDPC code 
according to an embodiment of the present invention; 
004.5 FIG. 7 is a block diagram illustrating a matrix 
generator for generating an LDPC code and an encoding 
apparatus according to an embodiment of the present inven 
tion; 
0046 FIG. 8 is a block diagram illustrating an encoder 
for generating an LDPC code according to an embodiment 
of the present invention; 
0047 FIG. 9 is a graph illustrating simulation results on 
Bit Error Rate (BER) and frame error rate (FER) perfor 
mance for an n=400, k=2000, R=% LDPC code; 
0048 FIG. 10 is a graph illustrating simulation results on 
BER and FER performance for a block size that is increased 
to 5000 for the same code rate; and 

0049 FIG. 11 is a graph illustrating simulation results on 
FER performance for block sizes of 2000, 5000, 10000 and 
2OOOO at R=/2. 

0050. In the drawings, the same or similar elements are 
denoted by the same reference numerals even though they 
are depicted in different drawings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0051 A preferred embodiment of the present invention 
will now be described in detail with reference to the accom 
panying drawings. In the following description, a detailed 
description of known functions and configurations incorpo 
rated herein has been omitted for conciseness. 

0.052 A regular Low Density Parity Check (LDPC) code 
proposed in an embodiment of the present invention is 
constructed based on a structure of the semi-random LDPC 
code described in the “Related Art' section. A structure of an 
LDPC code according to an embodiment of the present 
invention is illustrated in FIG. 4. FIG. 4 is a diagram 
illustrating a structure of a rate=/2 parity check matrix 
according to an embodiment of the present invention. 



US 2004/0221223 A1 

Roughly, an encoding matrix for an LDPC code according 
to an embodiment of the present invention is constructed in 
the following two processes. 

0.053 A first process will now be described herein below. 
As illustrated in FIG. 4, an LDPC code is implemented in 
order to Simplify an encoding Structure and enable real-time 
encoding. In FIG. 4, if L=(n-k)/(column weight in H')=k/ 
(row weight in H") and a rate=%, weights of rows 502 and 
columns 501 in a sub-matrix H corresponding to an infor 
mation part are both 4. That is, each of Sub-matrixes P to 
P is an LXL square matrix, and each of the sub-matrixes P, 
to Po, becomes a matrix in which even though any row and 
column are Selected the number of 1S in the Selected row and 
column is 1. In other words, the Sub-matrixes P to P each 
become a Square matrix in which weights of row and column 
are both 1. A set of the sub-matrixes P, to P. becomes a 
matrix providing information. In addition, a part represented 
by reference numeral 503 has a dual-diagonal matrix. There 
fore, reference numerals 510 and 511 refer to arrangements 
of 1S in a parity Sub-matrix. That is, one encoding matrix for 
an LDPC code is calculated by combining the information 
part matrix with the dual-diagonal matrix. A Sub-matrix P: 
indicating a value of the information is a permutation matrix 
of a unit matrix based on a particular offset value b. That is, 
the Sub-matrix P is a matrix obtained by cyclic-shifting each 
column of a unit matrix by bt. A value of b is defined such 
that a difference between b, and b, becomes a power q of 
a particular integer q. In the first proceSS according to an 
embodiment the present invention, Such a structure of a 
matrix is constructed. 

0054) Next, a description will be made of a process, i.e., 
a Second process, of completing an encoding matrix for an 
LDPC code using a matrix having such a form. If the value 
q is larger than L, a modulo operation is performed with a 
prime integer PL which is larger than L and approaches L. 
The q and the b, are defined by 

0055. In Equation (6), a particular integer q is experi 
mentally determined. The matrix is constructed in this 
manner to reduce errors which may occur due to permuta 
tion of values in each row. A typical example will be 
described below. If each row is comprised of 6 elements, a 
prime integer which is larger than 6 and nearest to 6 becomes 
7. Therefore, a primitive element is calculated which is close 
to 7 and can calculate all integers through a modulo opera 
tion on 7 in the form of a power. In this case, the following 
two conditions should be satisfied in order to correctly 
permute the matrixes and combines the permuted matrixes. 

0056 (1) The matrixes should not have the order of 0, 1, 
2, 3, . . . , 6. 

0057 (2) All numerals included in the set should appear 
only once. 

0.058 That is, the above two conditions should be satis 
fied in order for the order to be randomized, and in order to 
implement this, an operation method of Equation (6) below 
is Selected in an embodiment of the present invention. In the 
following description, an operation of Equation (6) is called 
“prime modulo operation.” In an example of the prime 
modulo operation, an experimentally Selected primitive ele 
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ment value can become 3. If the primitive element has a 
value of 3, each row is permuted as Stated below. 
0059) First, because a first power of 3 becomes 3" =3, a 

first row is located in a third row. Next, because a Second 
power of 3 becomes 3-9, 2 is determined by a modulo-7 
operation and a Second row is permuted to a Second row. 
Because a third power of 3 becomes 3-27, a third row is 
permuted to a Sixth row by a modulo-7 operation. Because 
a fourth power of 3 becomes 3'-81, a fourth row is permuted 
to a fourth row by a modulo-7 operation. Because a fifth 
power of 3 becomes 3-243, a fifth row is permuted to a firth 
row by a modulo-7 operation. Because a sixth power of 3 
becomes 3'-729, a sixth row is permuted to a first row. In 
this manner, all rows can be permuted without being over 
lapped. By doing So, it is possible to reduce an error rate of 
encoded Symbols. 

0060 Summarizing the methods stated above, after the 
matrix of FIG. 4 is constructed, an (n-k)xk sub-matrix H' 
for an information part undergoes inter-row permutation by 
the following rules. 

0061 (1) A prime integer p which is larger than the 
number (n-k) of rows for an information Sub-matrix and 
closest to (n-k) is calculated. 
0062 (2) A primitive element p, that can express all 
integers of 1 to (pM-1) in the form of a power is calculated. 
0063 (3) If the number of rows of 1 to (n-k) is called j, 
inter-row permutation TLC) is performed on each row by 
mapping of Table 1 below. 

TABLE 1. 

JLC) = (JLC-1) X pe) mod pm 
if (JIC)-n-k) 

do Ji () = (JIC) X pe) mod pm 
while (JIC)>n-k) 

end do 
end if 

end for 

0064. Through Table 1, it is possible to map one row to 
another row on a one-to-one basis using a pseudo-random 
rule. By performing Such inter-row permutation, it is pos 
Sible to prevent generation of a low-weight codeword. If a 
low-weight codeword is generated, an error floor occurs 
during decoding. In addition, an undetected error occurs 
causing performance degradation of an LDPC code because 
Such a low-weight codeword generates an undesired code 
word having a Hamming weight when a parity check matrix 
is constructed. In the Second proceSS according to an 
embodiment of the present invention, the information matrix 
undergoes row permutation. 

0065 FIG. 5 is a flowchart illustrating a process of 
generating an interleaving address U() according to a prime 
interleaving rule shown in Table 1. Referring to FIG. 5, in 
Step 600, a primitive element p and a prime integer p, 
which is larger than the number of rows and is closest to the 
number of rows, are Set for a Sub-matrix of information 
calculated in the process of (1). Thereafter, in step 602, an 
i value is set to 1 and a first row L(1) for inter-row 
permutation is Set to a primitive element p. After the Setting, 
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a j value is increased by 1 in step 604, and LG) of a j" 
column is calculated in step 606 using Equation (7) below. 

J(j)=(JEG-1)xpe)modpM (7) 

0.066 Equation (7) provides a calculation for changing a 
Set value of a row. That is, Equation (7) is used to determine 
a position of a target row by performing a modulo operation 
on a power value of the primitive element with the calcu 
lated prime integer pm. 
0067. After the calculation of Equation (7) is performed 
in step 606, it is determined in step 608 whether the 
calculated value is larger than the number of rows. When the 
total number of rows is 10 and a value of a current row is 2, 
if a value of a target row is 11 or 12, the target row is invalid. 
In order to prevent Such a phenomenon, it is determined 
whether the calculated value is larger than the total number 
of rows. If the calculated value is larger than the total 
number of rows, calculation of Equation (8) below is per 
formed in Step 612. Equation (8) is identical to Equation (7), 
except that a calculated value j is increased by 1. Through 
this calculation, the same value occurs only once. Occasion 
ally, two or more values larger than a value of a row can 
exist. Even in this case, Step 608 is performed again after 
Step 612 to thereby prevent a change to a row whose value 
is larger than the number of rows. 

0068. After the calculation of Equation (8), if it is deter 
mined in step 608 that the calculated value is not larger than 
the number of rows, it is determined in step 610 whether the 
inter-row permutation has been repeated as many times as 
the number of rows. If the inter-row permutation has been 
repeated as many times as the number of rows, the routine 
is terminated, completing one matrix for extracting an 
encoded symbol. However, when the matrix is not com 
pleted, the routine returns to step 604 and repeats the 
processes Stated above. 
0069 FIGS. 6A through 6C are diagrams illustrating 
structures of parity check matrixes for an LDPC code, 
calculated through the method stated above. FIG. 6A illus 
trates a structure of a parity check matrix for a rate=/3 LDPC 
code, FIG. 6B illustrates a structure of a parity check matrix 
for a rate=/4 LDPC code, and FIG. 6G illustrates a structure 
of a parity check matrix for a rate=% LDPC code. 
0070 FIG. 7 is a block diagram illustrating a matrix 
generator for generating an LDPC code and an encoding 
apparatus according to an embodiment of the present inven 
tion. A description will now be made of a generator for 
generating LDPC codes shown in FIGS. 6A through 6C, 
block elements of an encoder according thereto, and an 
operation of each element according to an embodiment of 
the present invention. 
0071. A matrix constructor 710 receives information on a 
Set code rate and generates a matrix for an initial LDPC code 
based on the received information. Generating a matrix for 
an initial LDPC code is equivalent to constructing a Sub 
matrix and a dual-diagonal matrix corresponding to the 
received information. A Sub-matrix corresponding to the 
received information can be constructed through a combi 
nation of Square matrixes having a weight of 1. Here, the 
Square matrix is obtained by adding an offset value to a 
Simple matrix having a weight value of 1 and shifting the 
offset-added matrix. 
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0072 The matrix constructor 710 outputs the matrix 
constructed in the above manner, and at the same time, 
outputs information on the number of rows through a 
dotted-line. The output of the matrix constructor 710 is input 
to an inter-row permutation apparatus 720. A value of the 
number of rows is input to a prime integer and primitive 
element extractor 722. The prime integer and primitive 
element extractor 722 extracts corresponding prime integer 
and primitive element from a memory 721 that stores a 
prime integer and a primitive element value determined 
according to the value of the number of rows. The extracted 
values are output to an information Sub-matrix interleaver 
724. 

0073. A matrix value output from the matrix constructor 
710 is input to a matrix separator 723 in the inter-row 
permutation apparatus 720. The matrix separator 723 sepa 
rates an input matrix into an information Sub-matrix (or 
Sub-matrix for an information part) and a dual-diagonal 
Sub-matrix (or Sub-matrix for a dual-diagonal Sub-matrix). 
The output sub-matrixes are input to different devices. The 
information Sub-matrix is input to the information Sub 
matrix interleaver 724, and the dual-diagonal Sub-matrix is 
input to a dual-diagonal matrix delay 725. The information 
sub-matrix interleaver 724 performs inter-row permutation 
on the information Sub-matrix according to the rule 
described in connection with FIG. 5, Table 7 and Table 8. 
Therefore, the dual-diagonal matrix delay 725 delays the 
input dual-diagonal Sub-matrix by an operation time 
required at the information sub-matrix interleaver 724. 
0074 The interleaved information sub-matrix and the 
delayed dual-diagonal Sub-matrix are input Separately to a 
matrix combiner 726. The matrix combiner 726 combines 
the two Sub-matrixes into a combined matrix. Through Such 
a process, an LDPC encoding matrix can be constructed. 

0075. In an embodiment of the present invention, the 
encoding apparatus can also be constructed in a transmitter. 
Alternatively, if Several particular code rates for a commu 
nication System are Selectively used, encoding matrixes 
matched thereto are previously generated and then extracted 
from the memory. Also, an apparatus for the above method 
can be implemented. 

0076. The matrix value output from the inter-row permu 
tation apparatus 720 is input to an encoding processor 730, 
and the encoding processor 730 generates encoded Symbols 
according to input information. 
0077. An apparatus for performing such an operation will 
now be described with reference to the accompanying 
drawing. FIG. 8 is a block diagram illustrating an encoder 
for generating an LDPC code according to an embodiment 
of the present invention. 

0078 Information comprises a series of bits, and is stored 
in a systematic part of a codeword buffer illustratively 
shown as interleaver 805. Because a process of encoding an 
LDPC code specified in an embodiment of the present 
invention corresponds to a Series of processes of Sequen 
tially generating (n-k) parity bits by applying (n-k) parity 
check formulas corresponding to (n-k) columns, an appa 
ratus for indicating a position where 1 exists in an H' 
matrix in each of (n-k) columns is required. Because the 
position of 1 is determined by an offset value of initial P 
matrixes shown in FIG. 4 and an inter-row permutation 
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method of an H' matrix comprising P matrixes, an inter-row 
address generator 801 and an offset value are required. A 
Sequence for a position of 1 existing in each column of an 
H' matrix that can be generated by the inter-row address 
generator 801 and the offset value is called a base Sequence, 
and an apparatus for generating the base Sequence is called 
a base Sequence generator 803. A sequence generated by the 
base Sequence generator 803 indicates a position where 1 
exists in a particular column of an H matrix. Information 
bits are read from the interleaver 805 in which information 
bits are Stored according to the Sequence of the bits, new 
parity bits are generated by adding the read information bits 
to previous parity bits (modulo 2 Sum 807), and then, the 
parity bits generated are stored in a parity buffer 811. If such 
a process has been performed on all of (n-k) columns, all of 
(n-k) parity bits are completely stored in the parity buffer 
811, and accordingly, an encoded LDPC codeword is gen 
erated and Stored in a codeword buffer comprising the 
systematic buffer 805 and the parity buffer 811. The code 
word is input to delay 809, which provides the codeword to 
modulo 2 Sum 807. 

0079 If a parity check matrix for an LDPC code is 
generated in the almost regular form in the above manner, 
encoding can be advantageously performed in a very regular 
method by an encoder. In addition, the encoder can perform 
real-time encoding like the turbo encoder. Besides, it is 
possible to define a predetermined number of memories for 
a variable node for a parallel LDPC decoder for each node. 
Therefore, the proposed LDPC code is Superior to an irregu 
lar LDPC code in implementation of a decoder. 
0080. Simulation and Analysis 
0081. In this section, a description will be made of a 
simulation result and Bit Error Rate (BER) and Frame Error 
Rate (FER) performance for an LDPC code generated 
according to an embodiment of the present invention. In 
order to determine whether an LDPC code construction 
method proposed herein can show Stable performance 
according to code rates and block sizes, Simulations were 
performed for various code rates and block sizes. 
0082 The followings are simulation environments set for 
performance check of an LDPC code. 

0083 Floating point simulation 
0084 BPSK modulation and AWGN channel 
0085 
0086) Maximum 100 or 50 iterations 

Interactive belief propagation decoding 

0.087 FIG. 9 is a graph illustrating simulation results on 
BER and FER performance for an n=400, k=2000, R=% 
LDPC code. An initial value q for generating a parity check 
matrix was Set to 18. In the Simulation proceSS, no unde 
tected error was generated. An LDPC code is generally 
characterized in that an undetected error is Scarcely gener 
ated at a high SNR. In addition, it should be noted that unlike 
the turbo code, the LDPC code has a little difference 
between BER and FER. This indicates that relatively many 
errors occur in a defective frame at the Same time. Unlike the 
LDPC code, the turbo code has many frames where a 
relatively small number of errors of about 2 to 4 bits occur 
in each frame at a high SNR. Many errors occur in a 
defective frame because the LDPC code is larger than the 
turbo code in a minimum distance. Accordingly, the LDPC 
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code is Superior to the turbo code even in a frame error rate 
at E/No where it has a low-undetected error rate and the 
same bit error rate (BER). 
0088 FIG. 10 is a graph illustrating simulation results on 
BER and FER performance for a block size that is increased 
to 5000 for the same code rate. An initial value q for 
generating a parity check matrix was also changed to 19. It 
should be noted that as the block size increases from 2000 
to 5000, the LDPC code shows better performance at the 
Same code rate. Further, it should be understood that the as 
the lock size increases, an occurrence rate of a low weight 
codeword is reduced in a parity check matrix, So that even 
though the SNR increases, no error floor occurs. Even in this 
Simulation, it should be noted that no undetected error is 
generated and an error of Several tens to Several hundreds of 
bits occurs in a defective frame at a time. 

0089 FIG. 11 is a graph illustrating simulation results on 
FER performance for block sizes of 2000, 5000, 10000 and 
20000 at R=%. A value q was set to 22 for the block size of 
10000 and 20000. It should be noted in FIG. 11 that for the 
Same code rate, as a block size increases, a slope of FER 
performance becomes Steeper. This indicates that as a block 
size increases, the weight distribution of the LDPC code 
improves showing better performance. No undetected error 
was generated in the Simulations on all cases for a code rate 
R=%. This shows that the LDPC code proposed by an 
embodiment of the present invention has a Sufficiently large 
minimum distance. 

0090 AS understood from the foregoing description, the 
use of a low density parity encoding technique according to 
embodiments of the present invention facilitates extension 
of a code and implementation of real-time processing. In 
addition, the new low density parity encoding technique 
contributes to Simplification of an encoder Structure. Further, 
an inverse matrix required for decoding can also be simply 
calculated. 

0091) While the invention has been shown and described 
with reference to an embodiment thereof, it will be under 
stood by those skilled in the art that various changes in form 
and details may be made therein without departing from the 
Spirit and Scope of the invention as defined by the appended 
claims. 

What is claimed is: 

1. A method for generating an encoding matrix for a low 
density parity check (LDPC) code having a dual-diagonal 
matrix as a parity check matrix, the method comprising the 
Steps of 

(a) constructing an information Sub-matrix of the encod 
ing matrix with a predetermined number of Square 
matrixes according to a predetermined code rate Such 
that each of the Square matrixes has columns and rows 
with a weight of 1 and has a different offset value, and 
combining the Square matrixes with the dual-diagonal 
matrix; 

(b) performing inter-row permutation on the information 
Sub-matrix. 
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2. The method of claim 1, wherein the step (b) comprises 
the step of: 

determining a prime integer which is closet to the number 
of rows among integers larger than the number of the 
rows in the information Sub-matrix; 

calculating a primitive element by calculating a power for 
all integerS Smaller than the determined prime integer 
and then performing a modulo operation on the calcu 
lated power; and 

performing inter-row permutation according to the calcu 
lated primitive element. 

3. An apparatus for generating an encoding matrix for a 
low density parity check (LDPC) code having a dual 
diagonal matrix as a parity check matrix, the apparatus 
comprising: 

a matrix constructor for constructing an information Sub 
matrix of the encoding matrix with a predetermined 
number of Square matrixes according to a predeter 
mined code rate Such that each of the Square matrixes 
has columns and rows with a weight of 1 and has a 
different offset value, and combining the Square 
matrixes with the dual-diagonal matrix; and 

an inter-row permutation apparatus for performing inter 
row permutation on the information Sub-matrix. 

4. The apparatus of claim 3, further comprising an encod 
ing processor for encoding input information using an output 
matrix of the inter-row permutation apparatus. 

5. The apparatus of claim 3, wherein the inter-row per 
mutation apparatus comprises: 

a prime integer and primitive element extractor for deter 
mining a prime integer and a primitive element accord 
ing to the number of rows in the encoding matrix output 
from the matrix constructor; 
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a matrix separator for Separating the encoding matrix 
output from the matrix constructor into an information 
Sub-matrix and a dual-diagonal Sub-matrix; 

an information Sub-matrix interleaver for performing 
inter-row permutation on the information Sub-matrix 
using the primitive element and the prime integer, 

a dual-diagonal matrix delay for delaying a value of the 
dual-diagonal Sub-matrix by a predetermined time; and 

a matrix combiner for combining an output of the dual 
diagonal matrix delay with an output of the information 
Sub-matrix interleaver. 

6. An apparatus for generating an encoding matrix for a 
low density parity check (LDPC) code having an informa 
tion Sub-matrix and a dual-diagonal Sub-matrix as a parity 
check matrix, the apparatus comprising: 

an inter-row address generator for outputting a position 
value of 1 in the information Sub-matrix; 

a base Sequence generator for receiving an offset value for 
the information Sub-matrix and generating a base 
Sequence for the position of 1; 

a Systematic part for Storing input information, and out 
putting information on a position according to the base 
Sequence output from the base Sequence generator; 

an adder for generating a parity value by adding infor 
mation output from the Systematic part to a previous 
parity value; and 

a delay for delaying an output of the adder by a prede 
termined time and outputting the delayed value to the 
adder. 


